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MEMORY CELL ARRAY HAVING between the first bit line and the source line and including a 
THREE - DIMENSIONAL STRUCTURE first transistor and a first capacitor ; a second memory cell 

electrically connected between the second bit line and the 
CROSS - REFERENCE TO RELATED source line and including a second transistor and a second 

APPLICATIONS capacitor ; a third transistor electrically connected to the 
source line ; and a sense amplifier circuit including a first 

This application is based upon and claims the benefit of node electrically connected to the first bit line and a second 
priority from Japanese Patent Application No. 2019-054481 , node electrically connected to the second bit line . 
filed Mar. 22 , 2019 , the entire contents of which are incor 
porated herein by reference . Embodiment 

5 

10 

15 

FIELD A semiconductor memory according to an embodiment 
will be described with reference to FIGS . 1 through 10 . 

Embodiments described herein relate generally to a semi- ( 1 ) Example of Configuration 
conductor memory . An example of a configuration of the semiconductor 

memory according to the embodiment will be described with BACKGROUND reference to FIGS . 1 through 6 . 
In memory devices such as a semiconductor memory , < Overall Configuration > 

multi - level technology for memory cells has been studied 20 FIG . 1 is a block diagram illustrating a system including 
and developed to improve the memory density of the the semiconductor memory according to the present embodi 

ment . memory cells . 
As illustrated in FIG . 1 , a semiconductor memory 

BRIEF DESCRIPTION OF THE DRAWINGS ( memory device ) 800 is connected to a processor 900 
25 through interconnect or wireless communication in sys 

FIG . 1 is a block diagram showing an example of a tem . Between the semiconductor memory 800 and the 
configuration of a semiconductor memory according to an processor 900 , a variety of signals such as a command CMD , 
embodiment . an address ADR , data DT and a control signal are received 
FIG . 2 is a circuit diagram showing an example of a and transmitted . 

configuration of a memory cell array of the semiconductor 30 The semiconductor memory 800 includes a memory cell 
memory according to the embodiment . array 801 , a row control circuit 802 , a column control circuit 

FIG . 3 is a sectional view showing an example of a 803 , a decoding circuit 804 , a sense amplifier circuit 805 , a 
configuration of the memory cell array of the semiconductor voltage generation circuit 806 , a sequencer 808 , an interface 
memory according to the embodiment . circuit 809 and the like . 

FIG . 4 is an illustration showing an example of a structure 35 The memory cell array 801 includes a plurality of 
of a memory cell of the semiconductor memory according to memory cells MC . Each of the memory cells MC is con 
the embodiment . nected to a plurality of interconnects such as bit lines and 
FIG . 5 is a chart illustrating the relationship between word lines . The memory cells MC can store data of one or 

signals and data held in a memory cell . more bits . The internal configuration of the memory cell 
FIG . 6 is a chart illustrating reading of data from a 40 array 801 will be described later . 

The interface circuit 809 receives a signal ( the command 
FIG . 7 is a schematic diagram showing an example of a CMD , address ADR , data DT and control signal , etc. ) from 

configuration of a sense amplifier circuit of the semicon- the processor 900. The interface circuit 809 transmits the 
ductor memory according to the embodiment . received signal to another circuit in the semiconductor 
FIG . 8 is a timing chart showing an example of write 45 memory 800 . 

operation of the semiconductor memory according to the The interface circuit 809 also transmits data read from the 
embodiment . memory cell array 801 , to the processor 900 . 
FIG . 9 is a timing chart showing an example of read The decoding circuit 804 decodes the address ADR . Then , 

operation of the semiconductor memory according to the the decoding circuit 804 outputs a decoding result of the 
embodiment . 50 address ADR to the row control circuit 802 and the column 
FIG . 10 is a schematic diagram illustrating an example of control circuit 803 . 

read operation of the semiconductor memory according to The row control circuit 802 controls the rows of the 
the embodiment . memory cell array 801. Based on the decoding result of the 

address ADR ( row address ) , the row control circuit 801 
DETAILED DESCRIPTION 55 selects ( activates ) at least one from among the rows of the 

memory cell array 801. The row control circuit 802 renders 
An embodiment will be described in detail below with the rows other than the selected row in a non - selected state 

reference to the drawings . In the following descriptions , the ( inactive state ) . 
elements having the same function and configuration are The row control circuit 802 includes a word line driver 
denoted by the same reference numeral or sign . 60 circuit , a switch circuit ( selector ) and the like . 

If the elements denoted by reference signs having numer- The column control circuit 803 controls the columns of 
als or letters at their ends ( e.g. word lines W , bit lines BL , the memory cell array 801. Based on the decoding result of 
and various voltages and signals ) need not be distinguished the address ADR ( column address ) , the column control 
from one another , the numerals or letters will be excluded . circuit 803 selects ( activates ) at least one from among the 

In general , according to one embodiment , a semiconduc- 65 columns of the memory cell array 801. The column control 
tor memory includes a first bit line ; a second bit line ; a circuit 803 renders the columns other than the selected 
source line ; a first memory cell electrically connected column in a non - selected state ( inactive state ) . 

memory cell . 
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The column control circuit 803 includes a bit line driver in each of the memory cells MC , the capacitor 10 and the 
circuit , a switch circuit ( selector ) and the like . In the present cell transistor 20 are connected to its corresponding bit line 
embodiment , the column control circuit 803 includes a BL , source line SL and word line WL . One terminal of the 
source line control circuit ( source line driver circuit ) 89 . cell transistor 20 ( one of the two source / drains , one end of 
The sense amplifier circuit 805 is connected to the 5 a current path ) is connected to the bit line BL . The other 

memory cell array 801 via the column control circuit 803. To terminal of the cell transistor 20 ( the other of the two 
read data of a selected memory cell MC , the sense amplifier source / drains , one end of the current path ) is connected to 
circuit 805 senses and amplifies a signal corresponding to one terminal of the capacitor 10. The other terminal of the 
the data . Based on a sensing result of the signal , the data is capacitor 10 is connected to the source line SL . 
read of the selected memory cell MC . When data is written 10 The gate of the cell transistor 20 is connected to the word 
to a selected memory cell MC , the sense amplifier circuit line WL . 
805 can control the potential of interconnect connected to For example , the transistor 50 ( 50a and 50b ) is provided 
the selected memory cell MC , in accordance with the data to at an end portion of the memory cell array 801 in the Y 
be written to the memory cell MC . direction . 

For example , the sense amplifier circuit 805 includes a 15 One terminal of the transistor 50 is connected to the bit 
plurality of sense amplifiers 80. Each of the sense amplifiers line BL . The other terminal of the transistor 50 is connected 
80 corresponds to one or more bit lines . to the source line SL . The gate of the transistor 50a is 

Hereinafter , a memory cell that is selected as a target to connected to a word line WLza . The gate of the transistor 
be operated at the time of data read ( read operation ) and data 50b is connected to a word line WLzb . 
write ( write operation ) will be referred to as a selected cell . 20 In the transistor 50 , no capacitor is provided between the 
A memory cell that is not selected as a target to be operated transistor 50 and the source line SL . 
will be referred to as a non - selected cell . During a desired operation for the memory cell MC , the 

In accordance with an operation to be performed for the transistor 50 as well as the cell transistor 20 is set in on state . 
memory cell array 801 , the voltage generation circuit 806 The transistor 50 contributes to the operation of the memory 
generates a plurality of voltages for the operation . The 25 cell MC . The transistor 50 functions as a selection element 
voltage generation circuit 806 outputs the generated voltage of the memory cell MC . 
to the row control circuit 802 , column control circuit 803 For example , when a memory cell MCa between the bit 
and sense amplifier circuit 805 . line BLa and the source line SL is selected in accordance 

The sequencer 808 controls the operations of a plurality of with an operation to be performed by the DRAM , the 
circuits 802 to 806 in the memory device 800 in response to 30 transistor 50b is activated . In contrast , when a memory cell 
the command CMD and control signal . MCb between the bit line BLb and the source line SL is 

The semiconductor memory 800 of the present embodi- selected , the transistor 50a is activated . Thus , during the 
ment for example , a dynamic random access memory operation for the memory cell MC , the capacitor 10 is 
( DRAM ) . In the DRAM 800 , each memory cell MC connected to the two bit lines BLa and BLb through the two 
includes at least one capacitor and at least one transistor . The 35 transistors 20 and 50 . 
capacitor is used as a memory element ( data holding ele- For differentiation in the following descriptions , the tran 
ment ) of the memory cell MC . The transistor is used as a sistor 50 will also be referred to as a replica transistor ( or a 
selection element ( switch element ) of the memory cell MC . dummy transistor ) 50 . 
Hereinafter , the transistor in the memory cell MC will be < Example of Structure > 
referred to as a cell transistor . FIG . 3 is a schematic view illustrating an example of a 

( 1a ) Example of Configuration of Memory Cell Array structure of a memory cell array of the DRAM according to 
< Example of Circuit > the present embodiment . In FIG . 3 , the sectional structure of 
FIG . 2 is an equivalent circuit diagram showing an the memory cell array is shown schematically . In FIG . 3 , an 

example of a memory cell array of the memory device ( e.g. insulation layer ( e.g. an interlayer insulation film ) covering 
DRAM ) according to the present embodiment . 45 the structural elements of the DRAM is omitted . 

The memory cell array 801 includes a plurality of As shown in FIG . 3 , in the DRAM of the present 
memory cells MC , a plurality of word lines WL ( WLa and embodiment , the memory cell array 801 is provided above 
WLb ) , a plurality of bit lines BL ( BLa and BLb ) and a the semiconductor substrate 9 via an interlayer insulation 
plurality of source lines SL . film ( not shown ) therebetween . 

The word lines WL are connected to the row control 50 A plurality of cell transistors 20b are provided above a 
circuit 802. The bit lines BL and source lines SL are conductive layer ( interconnect ) 40 extending in the Y direc 
connected to the column control circuit 803. The bit lines BL tion . The conductive layer 40 corresponds to the bit line BLb 
and source lines SL are also connected to the sense amplifier ( or part thereof ) . 
circuit 805 via the column control circuit 803 . Each capacitor 10b is provided above its corresponding 

For example , the DRAM 800 of the present embodiment 55 transistor 20b . 
includes a memory cell array 801 having a three - dimen- A conductive layer 41 extends in the Y direction and is 
sional structure . In the memory cell array 801 , the memory provided above the capacitors 106. The conductive layer 41 
cells MC are arranged in two dimensions within the X - Y corresponds to the source line SL ( or part thereof ) . 
plane and arranged in the Z direction perpendicular to the A plurality of capacitors 10a are provided on the source 
X - Y plane . 60 line SL . 

The memory cells MC arranged in the X direction are Each cell transistor 20a is provided above its correspond 
connected to a common word line WL . ing capacitor 10a . 

The memory cells MC arranged in the Y direction are A conductive layer 42 extends in the Y direction and is 
connected to a common bit line BL and a common source provided above the cell transistors 20a . The conductive layer 
line SL . 65 42 corresponds to the bit line BLa ( or part thereof ) . 

In the present embodiment , each of the memory cells MC In the DRAM of the present embodiment , therefore , the 
includes a capacitor 10 and a cell transistor 20. For example , capacitor 10 ( 10a and 10b ) and the cell transistor 20 ( 20a 

40 
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and 205 ) are stacked in a direction ( Z direction ) perpen- In the cell transistor 20 , the semiconductor layers 211 , 212 
dicular to the surface of the semiconductor substrate 9 . and 213 are provided between the capacitor electrode 13 and 
Thus , the memory cell array 801 having a three - dimen- the conductive layer 42 in the Z direction . 

sional structure is configured . The source / drain layer 211 is provided on the capacitor 
In the memory cell MC , the capacitor 10 ( 10a and 106 ) 5 electrode 11 via , for example , a contact plug 191 therebe 

includes two conductive layers 11 and 13 and an insulation tween . 
layer 12. The insulation layer 12 is provided between the two The channel layer 212 is stacked on the source / drain layer 
conductive layers 11 and 13 . 211. The source / drain layer 213 is stacked on the channel 

The conductive layers 11 and 13 are electrodes of the layer 212 
capacitor 10. For differentiation in the following descrip- The gate insulation film 23 is provided on the side surface 
tions , the conductive layers 11 and 13 will be referred to as of the channel layer 212 . 
capacitor electrodes 11 and 13. The insulation layer 12 is a The gate electrode 22 is opposed to the side surface of the 
dielectric between the capacitor electrodes 11 and 13. The channel layer 212 via the gate insulation film 23 therebe 
insulation layer 12 will be referred to as a capacitor insu- tween . 
lation film 12 . A contact plug may be provided between the source / drain 

The capacitor 10 can hold electric charges . The capaci- layer 213 and the conductive layer 42 . 
tance Cs of the capacitor 10 is set as appropriate in accor- The materials of the semiconductor layers 211 , 212 and 
dance with the control of the opposing area of the two 213 are selected from silicon , silicon germanium , germa 
capacitor electrodes 11 and 13 , the dielectric constant of 20 nium , an oxide semiconductor and the like . For example , the 
materials of the capacitor insulation film 12 , the thickness of oxide semiconductor is an oxide including at least one of 
the capacitor insulation film 12 and the like . indium ( In ) , gallium ( Ga ) , zinc ( Zn ) , Tin ( Sn ) and the like . 

The cell transistor 20 ( 20a and 20b ) includes a plurality of In general , the band gap of the oxide semiconductor is larger 
semiconductor layers 211 , 212 and 213 , a gate electrode 22 than that of silicon . Accordingly , the conductivity of an 
and a gate insulation film 23 . 25 oxide semiconductor to which no voltage is applied is lower 

The gate insulation film 23 is provided on the side surface than that of silicon to which no voltage is applied . Therefore , 
of the semiconductor layer 212. The side surface of the when an oxide semiconductor ( e.g. InGaZnO ) is used in the 
semiconductor layer 212 is substantially perpendicular to the semiconductor layers 211 , 212 and 213 , the cut - off charac 
surface ( X - Y plane ) of the semiconductor substrate 9 . teristics of the cell transistor 20 is improved and the leakage 
The gate electrode 22 is opposed to the side surface of the 30 current is reduced . As a result , the data retention character 

semiconductor layer 212 with the gate insulation film 23 istics of the memory cell MC is improved . 
therebetween . The gate electrode 22 extends in the X Note that the structure of the memory cell MC is not 
direction . The gate electrode 22 is used as a word line WL . limited to the structures shown in FIGS . 3 and 4 . 

The semiconductor layer 212 is provided between the two For example , the transistor 50 ( 50a and 50b ) is provided 
semiconductor layers 211 and 213 in the Z direction . The 35 at the end of the memory cell array 801 in its Y direction . 
semiconductor layers 211 and 213 are source / drain layers The transistor 50 has substantially the same structure as 
211 and 213 of the cell transistor 20. The semiconductor that of the cell transistor 20 . 
layer 212 is a channel layer ( channel region ) of the cell The transistor 50 includes a plurality of semiconductor 
transistor 20. When the gate voltage of the cell transistor 20 layers 211 , 212 and 213 , a gate electrode 22 and a gate 
is not lower than the threshold voltage of the cell transistor 40 insulation film 23. The gate electrode 22 is opposed to the 
20 , a channel is formed in the channel layer 212 . semiconductor layer 212 via the gate insulation film 23 

The current path of the cell transistor 20 is set in a therebetween . The semiconductor layer ( channel layer ) 212 
direction substantially perpendicular to the surface ( X - Y is provided between two semiconductor layers ( source / drain 
plane ) of the semiconductor substrate 9. This transistor 20 layers ) 211 and 213 in the Z direction . 
will be referred to as a vertical transistor . One end of the transistor 50a is connected to the bit line 
FIG . 4 is a bird's - eye view showing an example of a BLa . The other end of the transistor 50a is connected to the 

configuration of the capacitor and the cell transistor used in source line SL via a contact plug 30a . One end of the 
the memory cell . transistor 50b is connected to the bit line BLb . The other end 

For example , the capacitor electrode 13 of the capacitor of the transistor 50b is connected to the source line SL via 
10 is cylindrical ( or prismatic ) . One end of the capacitor 50 a contact plug 30b . No capacitor is provided between the 
electrode 13 is connected to the conductive layer ( source transistor 50 and the source line SL . 
line ) 41. The capacitor insulation film 12 is provided on the The capacitance components of the transistor 50 are 
capacitor electrode 13 so as to cover the other end and the added to the capacitance of the memory cell MC and / or the 
side surface of the capacitor electrode 13. The capacitor capacitance of interconnect ( e.g. the bit line BL and the 
electrode 11 of the capacitor 10 is provided on the capacitor 55 source line SL ) for connecting the memory cell MC and the 
insulation film 12 so as to cover the top surface and side sense amplifier circuit 805. The transistor 50 may adjust the 
surface of the capacitor insulation film 12 . capacitance of the memory cell MC and / or the interconnect 
The capacitance Cs of the capacitor 10 corresponds to the capacitance of the bit line BL and the source line SL . 

opposing area of the two conductive layers 11 and 13 via the In the lower region of the memory cell array 801 , a 
insulation layer 12 therebetween . Note that the capacitance 60 plurality of circuits 802 to 809 included in the DRAM are 
Cs may be controlled by the material and film thickness of provided on the semiconductor substrate 9 . 
the insulation layer 12 . For simplification of FIG . 3 , only two field - effect tran 

For example , the materials of the conductive layers 11 and sistors TR are illustrated . However , a plurality of P - type / N 
13 are selected from metal , a semiconductor , a conductive type field - effect transistors TR , a plurality of resistive ele 
compound and the like . The material of the insulation layer 65 ments , a plurality of capacitive elements , etc. are provided 
12 is selected from silicon oxide , silicon nitride , silicon on the semiconductor substrate 9. These elements compose 
oxynitride , high dielectric material , and the like . the circuits 801 to 809 of the DRAM 800 . 

45 
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The transistor TR is provided in the semiconductor region The transfer gate TX has capacitance Cz . The transfer gate 
( active region ) AA in the semiconductor substrate 9. The TX may operate as part of the interconnect capacitance of 
semiconductor region is isolated by an element isolating the source line SL . The transfer gate TX is provided to adjust 
insulation layer 999 . the interconnect capacitance of the source line SL . FIG . 3 

The transistor TR includes two source / drain layers 94 . 5 shows an example where one transfer gate TX is connected 
The source / drain layers 94 are provided in the semiconduc to one source line SL ; however , two or more transfer gates 

TX tor region . The gate electrode 92 is provided above the be connected to one source line SL . The transfer may 

channel region via the gate insulation film 93 therebetween . gate for adjusting the capacitance of the source line SL need 
In the transistor TR , the channel region is provided between not be connected to the source line SL . 
the two source / drain layers 94 . For example , the contact plugs 39a , 39 and 39c are 

connected to the sense amplifier circuit 805 via the column The gate electrode 92 and the source / drain layers 94 are control circuit . The contact plugs 39a , 396 and 39c con connected to an interconnect ( not shown ) through a contact nected in common to the sense amplifier 80 are provided in ( not shown ) . an area at one end of the memory cell array 801 . 
The circuit including the transistor TR is defined as a The capacitance components of the column selection sense amplifier circuit 805 in , for example , FIG . 3 . switch SW and the transfer gate TX may be included as the 
In the DRAM 800 of the present embodiment , the bit line capacitance of the node of the sense amplifier 80 ( the 

BL is connected to the corresponding sense amplifier 80 of capacitance of interconnect for connecting the memory cell 
the sense amplifier circuit 805 via a column selection switch and the sense amplifier circuit ) . 
SW ( SWa and SWb ) . In the DRAM of the present embodiment , the memory 
The column selection switch ( transfer gate ) SW is a cell MC can hold data of two or more bits . The memory cell 

vertical field - effect transistor . The structure of the column that holds data of two or more bits is called a multi - level cell 
selection switch SW is substantially the same as that of the ( MLC ) . Hereinafter , a memory cell that stores 2 - bit data 
cell transistor 20. The column selection switch SW includes ( “ 00 , ” “ 01 , ” “ 10 ” and “ 11 ” ) will be exemplified as the MLC . 
a channel layer 212 , source / drain layers 211 and 213 , a gate 25 FIG . 5 is a schematic diagram showing the relationship 
electrode 22 and a gate insulation film 23. The gate electrode between two - bit data and the amount of charge held in the 
22 of the column selection switch SW is supplied with a capacitor . In FIG . 5 , the vertical axis represents the amount 
control signal corresponding to an address . Thus , the elec- of charge held in the capacitor . 
trical connection between the sense amplifier 80 and the bit As shown in FIG . 5 , in the MLC that stores 2 - bit data , 
line BL controlled . 30 “ 00 ” data is associated with a charge amount Q1 , “ 01 ” data 

The column selection switch SWa is provided between the is associated with a charge amount Q2 , “ 10 ” data is asso 
bit line BLa and the node of the sense amplifier circuit 805 . ciated with a charge amount Q3 and “ 11 " data is associated 
One terminal ( source / drain layer 213 ) of the column selec- with charge amount Q4 . 
tion switch SWa is connected to the bit line BLa . The other For example , the voltage value of 0 V corresponds to the 
terminal ( source / drain layer 211 ) of the column selection 35 charge amount Q1 and the voltage value VDD corresponds 
switch SWa is connected to a first terminal ( node ) of the to the charge amount Q4 . The voltage value ( 1/3 ) * VDD 
corresponding sense amplifier 80 via a contact plug 39a , a corresponds to the charge amount Q2 and the voltage value 
diffusion layer 99a , a conductive layer ( not shown ) and the ( 2/3 ) XVDD corresponds to the charge amount Q3 . Thus , the 
like . configuration of the memory cell MC is set such that the 

The column selection switch SWb is provided between 40 voltage and the charge amount can be associated with each 
the bit line BLb and the node of the sense amplifier circuit other . 
805. One terminal of the column selection switch SWb is Therefore , the memory cell of the DRAM of the present 
connected to the bit line BLb . The other terminal of the embodiment functions as an MLC capable of storing 2 - bit 
column selection switch SWb is connected to a second data . 
terminal ( node ) of the corresponding sense amplifier 80 via 45 FIG . 6 is a chart showing the relationship between data 
a conductive layer 35b , a contact plug 39b , a diffusion layer and read voltage . 
99b and the like . In the chart of FIG . 6 , the horizontal axis represents read 

In the present embodiment , a transfer gate TX is provided data and the vertical axis represents read voltage . 
between the source line SL and the sense amplifier 80. The As described above , the memory cell MC can store “ 00 " 
transfer gate TX is a field - effect transistor . The transfer gate 50 data , “ 01 ” data , “ 10 ” data and “ 11 " data . 
TX has substantially the same structure as those of the In read operation , “ 1 ” and “ O ” of the upper - order bit can 
column selection switch SW and the cell transistor 20. The be distinguished using a voltage value between the voltage 
transfer gate TX includes a channel layer 212 , source / drain value corresponding to the “ 01 ” data and the voltage value 
layers 211 and 213 , a gate electrode 22 and a gate insulation corresponding to the “ 10 " data . For example , the voltage 
film 23. The gate electrode 22 of the transfer gate TX is 55 value of ( 1/2 ) VDD is used as a voltage ( reference voltage ) 
supplied with a control signal . Thus , the electrical connec- to distinguish “ O ” and “ 1 ” of the upper - order bit . 
tion between the sense amplifier 80 and the source line SL When the upper - order bit is “ 0 , ” “ 1 ” and “ O ” of the 
is controlled . lower - order bit can be distinguished based upon the rela 
One terminal ( source / drain layer ) of the transfer gate TX tionship in magnitude between the voltage value corre 

is connected to the source line SL ( conductive layer 41 ) via 60 sponding to the “ O ” data and the voltage value correspond 
a contact plug 31. The other terminal of the transfer gate TX ing to the “ 01 ” data . For example , a voltage value ( e.g. 
( source / drain layer ) is connected to the sense amplifier 80 ( 1/6 ) xVDD ) between 0 V and ( 1/3 ) xVDD can used to distin 
via a conductive layer 35c , a contact plug 39c , a diffusion guish “ 1 ” and “ O ” of the lower - order bit in data of the 
layer 99c and the like . For example , the position ( intercon- upper - order bit of “ o . ” 
nect level ) of the conductive layer 35c in the Z direction is 65 When the upper - order bit is “ 1 , ” “ 1 ” and “ O ” of the 
substantially the same as that of the bit line BLb in the Z lower - order bit can be distinguished based upon the rela 
direction . tionship in magnitude between the voltage value corre 
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sponding to the “ 10 ” data and the voltage value correspond- side . The lower - order bit of data in a selected cell is 
ing to the “ 11 ” data . For example , a voltage value ( e.g. determined using the signal held in the area ( holding area or 
( 5 % ) xVDD ) between ( 2/3 ) VDD and VDD can be used to determination area ) A2 . 
distinguish “ 1 ” and “ O ” of the lower - order bit in data of the A transfer gate TG ( TGa and TGb ) is provided between 
upper - order bit of “ 1. " 5 the first and second sense units 8A and 8B . 

Thus , 2 - bit data ( four data ) in the memory cell MC can be One terminal of the transfer gate TGa is connected to the 
distinguished . node NDla and the other terminal thereof is connected to the 

( 1b ) Example of Configuration of Sense Amplifier Circuit node ND2a . One terminal of the transfer gate TGb is 
connected to the node ND1b and the other terminal thereof An example of a configuration of the sense amplifier 

circuit in the DRAM of the present embodiment will be 10 is connected to the node ND2b . The transfer gates TGa and TGb are supplied with a control signal STG . In response to described with reference to FIG . 7 . the control signal STG , the transfer gates TGa and TGb are FIG . 7 is an equivalent circuit diagram illustrating the turned on and turned off . sense amplifier circuit in the DRAM of the present embodi In the sense amplifier 80 , the transfer gate TGa is provided ment . 15 to divide the bit line BLa ( interconnect including the bit line The sense amplifier circuit 805 includes a plurality of BLa ) electrically into two first and second portions 70a and sense amplifiers 80. For example , one sense amplifier 80 70b . 
corresponds to one ( or more ) bit line pairs ( BLa and BLb ) . One terminal of the transfer gate TGa ( one end of the 

The first node ND1 ( NDla and ND1b ) of the sense current path ) is connected to the first portion 70a of the bit 
amplifier 80 is connected to the bit line BLa . The second 20 line BLa and the other terminal thereof ( the other end of the 
node ND2 ( ND2a and ND2b ) of the sense amplifier is current path ) is connected to the second portion 70b of the 
connected to the bit line BLb . bit line BLa . 

In the present embodiment , the sense amplifier 80 is a In the sense amplifier 80 , the transfer gate TGb is pro 
capacitive coupling type sense amplifier . The capacitive vided to divide the bit line BLb ( interconnect including the 
coupling type sense amplifier 80 is so configured that it can 25 bit line BLb ) electrically into two first and second portions 
read ( distinguish ) 2 - bit data . 71a and 71b . One terminal of the transfer gate TGb is 

The sense amplifier 80 includes a first sense unit 8A , a connected to the first portion 71a of the bit line BLb and the 
second sense unit 8B and one or more transfer gates ( switch other terminal thereof is connected to the second portion 71b 

of the bit line BLb . ing elements ) TG . 
The first and second sense units 8A and 8B can sense the The first portion 70a is connected to the node NDla ( one 

potential of the bit lines BL . The first and second sense units input terminal of the first sense unit 8A ) and the first portion 
8A and 8B can amplify the potential of the bit lines BL . 71a is connected to the node ND2a ( the other input terminal 

of the first sense unit 8A ) . One input terminal of the first sense unit 8A is connected The second portion 70b is connected to the node ND1b to a node NDla and the other input terminal thereof is 35 ( one input terminal of the second sense unit 8B ) and the connected to a node ND2a . second portion 716 is connected to the node ND2b ( the other One input terminal of the second sense unit 8B is con input terminal of the second sense unit 8B ) . 
nected to a node ND1b and the other input terminal thereof FIG . 7 schematically shows the relationship in the con 
is connected to a node ND2b . nection of a memory cell and a replica transistor to the sense 

The sense unit 8A is connected to the sense unit 8B via 40 amplifier 80 . 
capacitors ( capacitive coupling ) Cla and c1b . The capaci- The first sense unit 8A is provided in the area A1 of the 
tance of the capacitor Cla is substantially the same as that sense amplifier 80. The second sense unit 8B is provided in 
of the capacitor C1b . the area A2 of the sense amplifier 80 . 

The one input terminal of the first sense unit 8A is The memory cell MC is connected to the sense amplifier 
connected to the one input terminal of the second sense unit 45 80 on the area . A1 side of the sense amplifier 80. The 
8B via the capacitor C1b . The other input terminal of the first memory cell MC is connected to the first sense unit 8A via 
sense unit 8A is connected to the other input terminal of the the transfer gates TGa and TGb . The memory cell MC is 
second sense unit 8B via the capacitor C1b . connected to the second sense unit 8B but not via the transfer 
The first sense unit 8A is supplied with a control signal gates TGa and TGb . 

SEN? . The operation ( activation / inactivation ) of the first 50 In this case , it can be considered that two memory cells 
sense unit 8A is controlled in accordance with the signal MCa and MCb are connected between the second portions 
level of the control signal . SENa . 705 and 716. Replica transistors 50a and 50b are connected 

The second sense unit 8B is supplied with a control signal to the sense amplifier 80 on the area A1 side of the sense 
SENb . The operation ( activation / inactivation ) of the second amplifier 80. It can be considered that the two replica 
sense unit 8b is controlled in accordance with the signal 55 transistors 50a and 50b are connected between the first 
level of the control signal SENb . portions 70a and 71a . 

The first sense unit 8A senses whether the upper - order bit As described above , in the capacitive coupling type sense 
of data in the memory cell MC is “ O ” or “ 1. " The signal amplifier 80 , the memory cell MC is provided in the area A2 
( potential ) corresponding to the value of the upper - order bit opposed to the area A1 where the replica transistor 50 is 
is retained ( accumulated ) in nodes NDla and ND2a on the 60 provided . 
area A1 side . The upper - order bit of data in a selected cell The source line SL is connected to the source line control 
is determined using the signal held in the area ( holding area circuit 89. The potential of the source line SL can be 
or determination area ) A1 . controlled by the source line control circuit 89. The source 

The second sense unit 8B senses whether the lower - order line SL may be connected to the sense amplifier 80 via a 
bit of data in the memory cell MC is “ O ” or “ 1. " The signal 65 transfer gate ( not shown ) . 
corresponding to the value of the lower - order bit is retained The sense amplifier 80 has capacitances CA and CB . The 
( accumulated ) in nodes ND1b and ND2b on the area A2 capacitances CA and CB are due to the interconnect capaci 
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tance of the bit lines BLa and BLb connected to the sense ( write data ) to the DRAM . The external device also trans 
units 8A and 8B , the capacitance components ( impedance ) mits a control signal to the DRAM . 
of the elements TG and 50 , and the like . The DRAM receives the write command , address , data 

The source line SL has an interconnect capacitance ( here- and control signal . 
inafter also referred to as a source line capacitance ) Cx . In response to the write command and the control signal , 

In the DRAM of the present embodiment , during the read the DRAM writes the received data to a selected cell 
operation , multi - level data is written back ( rewritten ) to a corresponding to the address . 
selected cell MC using the source line SL . The operation of In the DRAM 800 , the sequencer 808 executes various 
rewriting data to a selected cell is performed through the control operations for the write operation for other circuits . 
source line SL . The decoding circuit 804 decodes the address . The decod 

The value of voltage VRW for writing back data ( here- ing circuit 804 transmits an address decoding result to the 
inafter referred to as a writeback voltage ) is determined row control circuit 802 and the column control circuit 803 . 
based upon the amount of signal ( e.g. potential ) held in the Based on the address decoding result , the row control 
interconnect capacitances CA , CB and Cx . The writeback circuit 802 controls activation / inactivation of the word line 
voltage VRW is applied to the source line SL from the sense 15 WL . Based on the address decoding result , the column 
amplifier 80 ( sense amplifier circuit 805 ) . control circuit 803 controls activation / inactivation of the bit 
A signal for use in determining the upper - order bit ( a line BL and the source line SL . 

signal held on the area A1 side ) is held in the combined The voltage generation circuit 806 generates various 
capacitance of the interconnect capacitance CA of the first voltages for use in the write operation . The voltage genera 
portions 70a and 71a and the interconnect Cx of the source 20 tion circuit 806 applies the generated voltage to other 
line . circuits . 
A signal for use in determining the lower - order bit ( a At time tla , a write voltage VWR is applied to the 

signal held on the area A2 side ) is held in the interconnect selected bit line BL - s . 
capacitance CB of the second portions 706 and 716 . A selected voltage V1 is applied to a selected word line 

The interconnect capacitance on the area A1 side is 25 WL at substantially the same time when the write voltage is 
adjusted and amplified in accordance with the interconnect applied to the bit line . The voltage V1 is an on - voltage of the 
capacitance Cx of the source line SL . cell transistor 20 ( hereinafter also referred to as on - voltage 

In the present embodiment , the capacitance ratio among V1 ) . Thus , the cell transistor 20 is set in an on state in the 
the interconnect capacitances CA , CB and Cx is set as selected cell MC . 
follows . The write voltage VWR is applied to the capacitor 10 in 

the selected cell MC via the on - state cell transistor 20 . 
CxxCA / ( Cx + CA ) : CB = 2 : 1 Note that at the time of application of the write voltage 

Thus , the combined capacitance CxxCA / Cx + CA ) of the VWR , the potentials of the selected source line SL - s , 
first portions 70a and 71a and the source line SL is set to complementary bit line bBL - s and replica word line WLz - s 
about twice the interconnect capacitance of the second 35 are set to 0 V. If , however , a selected voltage is applied to the 
portions 706 and 716 . word line WLz - s , the replica transistor 50 corresponding to 

Incidentally , the interconnect capacitance CB can be the selected cell may be set in an on state . 
expressed as follows . For example , a non - selected voltage with a predetermined 

potential ( e.g. a voltage higher than 0 V ) is applied to the 
CB = CxxCA / ( 2x ( Cx + CA ) ) 40 non - selected bit line and the non - selected source line . 

In the present embodiment , the amount of signal gener- In the DRAM of the present embodiment , the voltage 
ated during the read operation ( the magnitude of the signal value of the write voltage VWR applied to the capacitor 10 
sensed by the sense amplifier ) can be increased by increas- is controlled in accordance with data written to the selected 
ing the ratio ( Cx / Cs ) between the capacitance Cx to the cell MC , during the write operation of the MLC that holds 
capacitance Cs of the memory cell MC . In the present 45 2 - bit data . 
embodiment , even though the capacitance Cs of the memory When data “ 00 ” is written to the memory cell MC , the 
cell MC is relatively small , the signal amount can be voltage value of the write voltage VWR is set to a voltage 
increased by increasing the capacitance of the source line value VwA . When data “ 01 ” is written to the memory cell 
SL . MC , the voltage value of the write voltage VWR is set to a 

( 2 ) Example of Operation 50 voltage value VwB . When data “ 10 ” is written to the 
An example of operation ( control method ) of the semi- memory cell MC , the voltage value of the write voltage 

conductor memory ( e.g. DRAM ) of the present embodiment VWR is set to a voltage value VwC . When data “ 11 ” is 
will be described with reference to FIGS . 8 and 9. Here , written to the memory cell MC , the voltage value of the 
FIGS . 1 through 7 are used appropriately to describe the write voltage VWR is set to a voltage value VwD . 
operation of the semiconductor memory of the present 55 For example , the voltage value VwD is a power supply 
embodiment . voltage VDD . The voltage value VwC is ( 2/3 ) VDD . The 

Below is a description of write operation and read opera- voltage value VwB is ( 1/3 ) × VDD . The voltage value VwA is 
tion of the DRAM of the present embodiment when the OV ( ground voltage VSS ) . 
memory cell stores 2 - bit data ( “ 00 , " " 01 , ” “ 10 ” and “ 11 ” ) . Thus , a potential difference between the selected bit line 

Hereinafter , the selected bit line will be represented as 60 BL - s and the selected source line SL - s is applied to the 
“ BL - s ” and a bit line complementary to the selected bit line selected cell MC as the write voltage VWR . 
will be represented as “ BBL - s . ” In the selected cell MC , charges are held ( accumulated ) in 

( 2a ) Write Operation the capacitor 10 in accordance with the voltage value of the 
A write operation of the memory device of the present write voltage VWR . 

embodiment will be described with reference to FIG . 8 . As a result , data corresponding to the amount of charge 
When data is written to the DRAM , an external device accumulated in the capacitor 10 is written to the selected cell 

( e.g. CPU ) transmits a write command , an address and data MC . The selected cell MC holds 2 - bit data . 

65 
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Incidentally , the write voltage VWR corresponding to It is determined by the application of the read voltage 
write data may be applied to the selected cell MC by setting VRD whether the upper - order bit of data in the selected cell 
the potential of the bit line BL - s to a fixed voltage value ( e.g. MC is “ 1 ” ( “ 11 ” or “ 10 ” ) or “ O ” ( “ 01 ” or “ 00 ” ) . 
voltage value Vdd ) and setting the potential of the source As has been described with reference to FIGS . 5 and 6 , 
line SL to a value corresponding to the write data . 5 when the upper - order bit of data of the selected cell MC is 

At time t2a , the potential of the selected word line WL - s “ 1 ” ( “ 11 ” or “ 10 ” ) , the potential of the capacitor 10 of the 
decreases from voltage value V1 to 0 V. Thus , the cell selected cell MC is higher than the voltage ( 12 ) xVDD 
transistor 20 is set in an off state in the selected cell MC . The applied to the selected bit line BL - s . 
potential of the selected bit line BL - s decreases from the In this case , the charge of the capacitor 10 in the selected 
write voltage VWR to 0 V. Thus , the application of the write 10 cell MC moves to the selected bit line BL - s . Accordingly , the 
voltage to the selected cell is stopped . potential of the bit line BL - s increases and the potential of 
As described above , the write operation of the DRAM of the capacitor 10 decreases . 

the present embodiment is completed . For example , when the selected cell MC stores data “ 11 , " 
( 2b ) Read Operation the potential of the selected bit line BL - s increases by the 
A read operation of the DRAM of the present embodiment value of AV . In this case , the potential of the selected bit line 

will be described with reference to FIG . 9 . BL - s is ( 12 ) xVDD + AV . " AV ” substantially corresponds to 
As will be described below , in the DRAM , the sequence the absolute value of signal voltage Vs of the capacitor 10 

of read operation includes reading of data and rewriting of that holds the data “ 11. " 
data . Here is a description of the read operation of the When the selected cell MC stores data “ 10 , " the potential 
DRAM of the present embodiment in the case where a of the selected bit line BL - s increases by the value of 
memory cell MCa between the bit line BLa and the source ( 1/3 ) XAV . In this case , the potential of the selected bit line 
line SL is selected . BL - s is ( 1/2 ) VDD + ( 1/3 ) XAV . 

< Reading of Data > When the upper - order bit of data of the selected cell MC 
The capacitor 10 of the memory cell MC holds a capacitor 25 is “ 0 , ” the potential of the capacitor of the selected cell MC 

voltage VC corresponding to data to be stored by the is lower than the voltage ( 1/2 ) × VDD applied to the selected 
foregoing MLC write operation . When the memory cell MC bit line BL - S . 

stores 2 - bit data , the upper - order bit of data and the lower In this case , the charge of the bit line BL - s moves to the 
order bit of data are read ( determined ) from the selected cell capacitor 10 in the selected cell MC . As a result , the 
MC . 30 potential of the selected bit line BL - s decreases and the 

During the read operation performed for the DRAM 800 , potential of the capacitor 10 increases . 
For example , when the selected cell MC stores data “ 00 , " the processor 900 transmits a read command CMD , an the potential of the selected bit line BL - s decreases by the address ADR , a control signal and the like to the DRAM value of AV ( = Vs ) from ( 1/2 ) xVDD . In this case , the poten 800 . 35 tial of the selected bit line BL - s is ( 1/2 ) VDD - AV . 

Substantially similar to the write operation , the sequencer When the selected cell MC stores data “ 01 , ” the potential 
808 controls the operation of each of the circuits 802 to 806 of the selected bit line BL - s decreases by the value of in order to perform a read operation based on the received ( 1/3 ) × AV from ( 1/2 ) XVDD . In this case , the potential of the 
read command and control signal . Based on the address selected bit line BL - s is ( 1/2 ) xVDD- ( 1/3 ) × AVS . 
ADR , the selected bit lines BL - s and bBL - s , the selected After a period of time during which the potential of the 
source line SL - s , the selected word line WL - s , etc. are selected bit line BL - s changes has elapsed , the potential of 
activated in sequence . the selected word line WL - s varies from voltage value V1 to 

At time tlb , the selected bit line BL - s ( here , bit line BLa ) O V at time t3b . 
and bit line bBL - s ( here , bit line BLb ) are precharged to a At time t3b , the potential of the selected source line SL 
predetermined potential by the column control circuit 803 or 45 transitions to a potential ( e.g. ( 1/2 ) VDD ) from 0 V by the 
the sense amplifier circuit 805. The potentials of the selected source line control circuit 89. If , at this time , the transfer gate 
bit lines BL - s and bBL - s are set to , for example , ( 1/2 ) xVDD . TX serving as a capacitive element is connected to the 
Like the potentials of the selected bit lines BL - s and bBL - s , selected source line SL - s , the transfer gate TX is set in an on 
the potential of the non - selected bit line is set to , for state by the control signal ( gate voltage ) . 
example , ( 1/2 ) xVDD . Note that the non - selected bit line may 50 At time t4b , the potential of a replica word line ( herein 
be set in an electrically floating state . after referred to as a selected replica word line ) WLz - s 

At time t2b , the voltage VWL of voltage value V1 is corresponding to the selected word line WL - s transitions to 
applied to the selected word line WL - s by the row control voltage V2 from 0 V by the row control circuit 802 . 
circuit 802. Accordingly , the cell transistor 20 is set in an on Accordingly , the replica transistor 50 is set in an on state . In 
state . When the on - voltage V1 is applied to the selected 55 this example , the selected cell MC is provided between the 
word line WL - s , 0 V ( ground voltage VSS ) is applied to the bit line BLa and the source line SL . In this case , a replica 
non - selected word line . Accordingly , the non - selected cell is transistor 50b between the bit line BLb and the source line 
maintained in an off state . The capacitor 10 of the non- SL is set in an on state . On the other hand , a replica transistor 
selected cell is electrically isolated from the bit lines BLa 50a between the bit line BLa and the source line SL is 
and BLb by the off - state cell transistor . 60 maintained in an off state . 

During the on state of the cell transistor 20 of the selected At time t5b , the signal level of the control signal STG 
cell MC , the sense amplifier circuit 805 ( or the column shifts from an " L " level to an “ H ” level . The “ L ” level of the 
control circuit 803 ) applies a read voltage VRD to the control signal STG corresponds to 0 V. The “ H ” level of the 
selected cell MC . The read voltage VRD is applied to the control signal STG corresponds to voltage V3 . The voltage 
selected bit line BL - s ( and the bit line bBL - s ) . The voltage 65 V3 is an on - voltage of the transfer gate TG . 
value Vr of the read voltage VRD is , for example , ( 1/2 ) The transfer gate TG is set in an on state by the application 
VDD . of the voltage V3 . 
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Thus , the selected bit lines BL - s and bBL - s are electri- The potentials of the nodes NDla and ND2a are varied by 
cally connected to the nodes NDla and ND2a of the sense the amplification of the signal for reading upper - order data 
unit 8A via the on - state transfer gate TG . The voltage to decrease the potential of the node ND1b only by ( 13 ) XAV 
corresponding to data of the selected cell MC is held at the and increase the potential of the node ND2b only by 
node ND1a . 5 ( 1/3 ) XAV . 

For example , the potential of the selected replica word If , therefore , the data of the selected cell MC is “ 10 ” data , 
line WLz - s shifts from voltage V2 to 0 V while the control the potential of the node ND2b becomes higher than that of 
signal STG is at an “ H ” level ( e.g. , at time tób ) . Accordingly , the node ND1b after the amplification of the signal for 
the replica transistor 50 is set in an off state . reading upper - order data . 

At time t7b , the signal level of the control signal STG As described above , when the upper - order bit is “ 1 , ” it can 
shifts from an “ H ” level to an “ L ” level . Accordingly , the be determined whether the lower - order bit of the data is " 1 " 
transfer gate TG is set in an off state . or “ O ” based on a voltage value sensed at the time of reading 

The potentials of the selected bit lines BL - s and bBL - s are of the upper - order bit . 
held in the nodes NDla and ND2a in the sense amplifier 80 . When the upper - order bit is “ 0 , ” the signal amplification 
Thus , the potentials of the selected bit lines BL - s and bBL - s decreases the potential of the node NDla to 0 V and increase 
corresponding to the reading result of the upper - order bit of the potential of the node ND2a to the voltage value VDD . 
the selected cell MC , are transferred to the holding area When the selected cell MC stores “ 00 " data , the potential 
( determination area ) A1 of the upper - order bit of the sense of the bit line BL - s ( e.g . the potential of the first portion 71a ) 
amplifier 80 . 20 is ( 12 ) xVDD - AV and the potential of the bit line bBL - s ( e.g. 

The sense unit 8A is activated by the control signal SEN1 the potential of the second portion 716 ) is ( 1/2 ) xVDD before 
( e.g. “ H ” level signal SEN1 ) . The sense unit 8A senses and the amplification of a signal for reading upper - order data . 
amplifies the potentials of the nodes NDla and ND2a . The potentials of the nodes NDla and ND2a are varied by 

Based on the sensing result of the sense unit 8A , “ 1 ” data the amplification of the signal for reading upper - order data 
or “ O ” data is output from the output terminal OUTA of the 25 to increase the potential of the node ND1b only by ( 1/3 ) XAV 
sense unit 8A as data of the upper - order bit of the selected and decrease the potential of the node ND2b only by 
cell MC . ( 1/3 ) XAV . 

Data of the lower - order bit of the selected cell MC is If , therefore , the data of the selected cell MC is " 00 " data , 
determined by the sense unit 8B . The sense unit 8B is the potential of the node ND1b becomes lower than that of 
activated by the control signal SEN2 ( e.g. “ H ” level signal 30 the node ND2b after the amplification of the signal for 
SEN2 ) . reading upper - order data . 
The sense unit 8B senses and amplifies the potentials of When the selected cell MC stores “ 01 ” data , the potential 

the nodes ND1b and ND2b . of the bit line BL - s ( e.g . the potential of the first portion 71a ) 
As described above , the sense unit 8A is connected to the is ( 1/2 ) VDD- ( 1/3 ) × AV and the potential of the bit line bBL - s 

sense unit 8B by capacitive coupling including capacitances 35 ( e.g. the potential of the second portion 716 ) is ( 12 ) XVDD 
C1 and C2 . The ratio between the interconnect capacitance before the amplification of a signal for reading upper - order 
CA for holding data of upper - order bit and the interconnect data . 
capacitance CB for holding data of lower - order bit is 2 : 1 . The potentials of the nodes NDla and ND2a are varied by 
When the upper - order bit is “ 1 , ” the signal ( potential ) is the amplification of the signal for reading upper - order data 

amplified to increase the potential of the node NDla to the 40 to increase the potential of the node ND1b only by ( 1/3 ) XAV 
voltage value VDD and decrease the potential of the node and decrease the potential of the node ND2b only by 
ND2a to O V. ( 1/3 ) XAV . 

The capacitances C1 and C2 are set such that the poten- If , therefore , the data of the selected cell MC is “ 01 ” data , 
tials of the nodes ND1b and ND2b are varied only by the potential of the node ND1b becomes higher than that of 
( 1/3 ) × AV under the influence of variations in the potentials of 45 the node ND2b after the amplification of the signal for 
the nodes NDla and ND2a at the time of sensing of the of reading upper - order data . 
upper - order bit . As described above , when the upper - order bit is “ O , ” it can 
When the selected cell MC stores “ 11 " data , the potential be determined whether the lower - order bit of the data is “ 1 ” 

of the bit line BL - s ( e.g. the potential of the first portion 71a ) or “ O ” based on a voltage value sensed at the time of reading 
is ( 12 ) xVDD + AV and the potential of the bit line bBL - s ( e.g. 50 of the upper - order bit . 
the potential of the second portion 716 ) is ( 1/2 ) VDD before The potential corresponding to the lower - order bit of data 
the amplification of a signal for reading upper - order data . is held in the nodes ND1b and ND2b of the holding area 

The potentials of the nodes NDla and ND2a are varied by ( determination area ) A2 of the lower - order bit of the sense 
the amplification of the signal for reading upper - order data amplifier 80 . 
to decrease the potential of the node ND1b only by ( 1/3 ) × AV 55 The sense unit 8B senses and amplifies the potentials of 
and increase the potential of the node ND2b only by the nodes ND1b and ND2b . Thus , the potential of the node 
( 1 / XAV . ND1b is set at the voltage value VDD when the lower bit of 

If , therefore , the data of the selected cell MC is “ 11 " data , the data is “ 1 ” and the potential of the node ND1b is set at 
the potential of the node ND2b becomes lower than that of 0 V when the lower bit is “ O. ” For example , the sense unit 
the node ND1b after the amplification of the signal for 60 8A is set in an off state before the sense unit 8B amplifies the 
reading upper - order data . potentials . 
When the selected cell MC stores “ 10 ” data , the potential Based on the sensing result in the sense unit 8B , " 1 " data 

of the bit line BL - s ( e.g. the potential of the first portion 71a ) or “ O ” data is output from the output terminal OUTB of the 
is ( 1/2 ) × VDD + ( 1/3 ) × AV and the potential of the bit line bBL - s sense unit 8B as data of the lower - order bit of the selected 
( e.g. the potential of the second portion 716 ) is ( 1/2 ) xVDD 65 cell MC . 
before the amplification of a signal for reading upper - order After that , the sense unit 8B is inactivated by the control 
data . signal SEN2 . 
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For example , at time t8b , the bit lines BL - s and BBL - s and Since , in this case , the interconnect capacitance ratio is set 
the source line SL - s are inactivated . to 2 : 1 , the transfer gate TG is turned on and thus the 
As described above , 2 - bit data is read from the selected potentials of the electrically connected portions 70 and 71 

cell MC . are ( 2/3 ) x0 + ( 1/3 ) x0 = 0 V. 
Data in the selected cell MC is destroyed by reading of the 5 As described above , four different voltage values are 

data ( change in the amount of charge of the capacitor 10 ) . obtained in accordance with the read data . 
Therefore , after data is read , the data is written back ( rewrit- Therefore , writeback voltages VRW of four patterns are 
ten ) based on the result of the reading . determined to correspond to 2 - bit data , based on the read 

< Writeback of Data > data , by the sense amplifier 80 . 
The writeback of data to the MLC in the DRAM of the 10 In accordance with the read data , one voltage value is set 

present embodiment will be described with reference to FIG . as the voltage value of the writeback voltage VRW . 
9 . In the present embodiment , the determined writeback 

In the foregoing reading of data , a voltage value corre- voltage VWR is applied to the source line SL - s . The 
sponding to a result of the reading is held in the interconnect writeback voltage VWR is applied to the selected cell MC 
capacitances CA , CB and Cx between the sense amplifier 80 15 via the source line SL - s . 
and the memory cell MC . At time t2c , when a signal is set at an “ H ” level , the 

Using the potential held in the interconnect capacitances potential of the selected replica word line WLz - s transitions 
CA , CB and Cx , a voltage for writeback of data ( hereinafter from 0 V to voltage V2 . When the voltage ( on - voltage ) V2 
referred to as a writeback voltage ) is determined . is applied , the replica transistor 50 is set in an on state . The 

The voltage value corresponding to the upper - order bit of 20 bit line BL is connected to the source line SL via the on - state 
the data is held in the interconnect capacitance CA of the transistor 50. For example , the potential of the selected word 
first portions 70a and 71a . The voltage value corresponding line WL - s transitions may be transition from 0 V to voltage 
to the lower - order bit of the data is held in the interconnect V1 . Thereby , the cell transistor 20 is set in an on state . 
capacitance CB of the second portions 70b and 716. When Thus , the writeback voltage VRW is applied to the source 
the sense units 8A and 8B amplify the signal , the potentials 25 line SL in the memory cell array 801 via the bit line BL , the 
of the portions 70a , 712 , 706 and 71b are set to a voltage replica transistor 50 and the nodes ( interconnects ) ND1 and 
value VDD or 0 V in accordance with the sensed data of ND2 in the sense amplifier 80 . 
upper - order and lower - order bits . For example , the voltage of OV is applied to the selected 

At time tlc , when data is written back , the signal level of bit line BL - s . For example , a voltage having the same 
the control signal STG shifts from the “ L ” level to the “ H ” 30 voltage value as that of the writeback voltage is applied to 
level . In response to the “ H ” level signal ( voltage value V3 ) , the bit line bBL - S . 
the transfer gate ( transistor ) TG is set in an on state . When the read data is “ 11 " data , the potential of the bit 

Thus , the second portions 706 and 71b of the bit line BL line BL - s is set at O V and the potential of the source line SL 
in the area A2 are electrically connected to the first portions is set at VDD . Thus , the voltage value of the writeback 
70a and 71a of the bit line BL in the area Al via the on - state 35 voltage VRD applied to the selected cell MC is VDD 
transfer gate TG . ( = VwD ) . When the writeback voltage VRW having this 
When the read data is “ 11 " data , the potential of the first voltage value is applied , “ 11 ” data is written to the selected 

portion 70a in the holding state of data of the upper - order bit cell MC . 
corresponds to the voltage value VDD and the potential of When the read data is “ 10 ” data , the potential of the bit 
the first portion 71a in the holding state of data of the 40 line BL - s is set at O V and the potential of the source line SL 
lower - order bit also corresponds to the voltage value VDD . is set at ( 2/3 ) VDD . Thus , the voltage value of the writeback 

Since , in this case , the interconnect capacitance ratio is set voltage VRW is ( 2/3 ) xVDD ( = VwC ) . When the writeback 
to 2 : 1 , the transfer gate TG is turned on and thus the voltage VRW having this voltage value is applied , “ 10 ” data 
potentials of the electrically connected portions 70 and 71 is written to the selected cell MC . 
are ( 2/3 ) VDD + ( 1/3 ) xVDD = VDD . When the read data is “ 01 ” data , the potential of the bit 
When the read data is “ 10 " data , the potential of the first line BL - s is set at 0 V and the potential of the source line SL 

portion 70a in the holding state of data of the upper - order bit is set at ( 1/3 ) * VDD . Thus , the voltage value of the writeback 
corresponds to the voltage value VDD and the potential of voltage VRW is ( 1/3 ) VDD ( = VwB ) . When the writeback 
the first portion 71a in the holding state of data of the voltage VRW having this voltage value is applied , “ 01 ” data 
lower - order bit is O V. 50 is written to the selected cell MC . 

Since , in this case , the interconnect capacitance ratio is set When the read data is “ 00 " data , the potential of the bit 
to 2 : 1 , the transfer gate TG is turned on and thus the line BL - s is set at O V and the potential of the source line SL 
potentials of the electrically connected portions 70 and 71 is also set at O V. Thus , the voltage value of the writeback 
are ( 2/3 ) VDD + ( 1/3 ) x0 = ( 2/3 ) VDD . voltage VRW is 0 V ( = VWA ) . When the writeback voltage 
When the read data is “ 01 ” data , the potential of the first 55 VRW having this voltage value is applied , “ 00 ” data is 

portion 70a in the holding state of data of the upper - order bit written to the selected cell MC . 
is 0 V and the potential of the first portion 71a in the holding At time t3c , after the application of the writeback voltage 
state of data of the lower - order bit corresponds to the voltage VRW , the potential of the selected replica word line WLz - s 
value VDD . transitions from voltage value V2 to 0 V. Accordingly , the 

Since , in this case , the interconnect capacitance ratio is set 60 replica transistor 50 is set in an off state . 
to 2 : 1 , the transfer gate TG is turned on and thus the At time t4c , the signal level ( voltage value ) of the control 
potentials of the electrically connected portions 70 and 71 signal STG transitions from an “ H ” level ( voltage value V3 ) 
are ( 2/3 ) xO + ( 1/3 ) × VDD = ( 1/3 ) XVDD . to an “ L ” level ( 0 V ) . 
When the read data is “ 00 " data , the potential of the first The selected bit lines BL - s and bBL - s and the selected 

portion 70a in the holding state of data of the upper - order bit 65 source line SL - s are deactivated . The transfer gate TX of the 
is 0 V and the potential of the first portion 71a in the holding selected source line SL - s is set in an off state . 
state of data of the lower - order bit is also O V. The rewrite of data to the selected cell is thus completed . 
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As described above , the read operation for the selected For example , when the dummy cell DC is connected to 
cell is terminated by the read sequence including data read the source line SL , the interconnect capacitance Cx 
and data rewrite . increases . 

( 3 ) Summary Thus , the semiconductor memory of the modification can 
In the semiconductor memory ( memory device ) of the 5 improve its characteristics . 

present embodiment , the capacitive coupling type sense ( 5 ) Others 
amplifier 80 reads and rewrites multi - level data ( bits of two A DRAM is exemplified as a semiconductor memory of 
or more digits ) . the present embodiment . If , however , the semiconductor 

In the semiconductor memory of the present embodiment , memory is a semiconductor memory ( or memory device ) in 
when read operation data is rewritten , a writeback voltage is 10 which one memory element stores data of two or more bits , 
applied to the selected cell via a source line . The writeback a semiconductor memory other than DRAM may be applied 

to the semiconductor memory ( or memory device ) of the voltage applied to the source line is applied to the selected present embodiment . cell . In the semiconductor memory of the present embodi While certain embodiments have been described , these 
ment , therefore , data is rewritten to the selected cell via the 15 embodiments have been presented by way of example only , 
source line . and are not intended to limit the scope of the inventions . In the present embodiment , the magnitude of capacitive Indeed , the novel embodiments described herein may be coupling ( the interconnect capacitance ratio ) is set using the embodied in a variety of other forms ; furthermore , various 
interconnect capacitance of the source line in addition to the omissions , substitutions and changes in the form of the 
interconnect capacitance of the bit wire ( interconnect for 20 embodiments described herein may be made without depart 
connecting the memory cell and the sense amplifier ) . For ing from the spirit of the inventions . The accompanying 
example , the transfer gate is connected to the source line to claims and their equivalents are intended to cover such 
adjust ( e.g. increase ) the interconnect capacitance of the forms or modifications as would fall within the scope and 
source line . spirit of the inventions . 

In the DRAM of the present embodiment , therefore , even 25 
though the capacitance Cs of the memory cell MC is What is claimed is : 
relatively small , the signal amount can be increased . 1. A semiconductor memory comprising : 

For example , even though the capacitance Cs of the a first bit line ; 
memory cell is 10 ff or less , both the amplification of a a second bit line ; 
signal for determining a multi - level data reading ( sensing ) a source line ; 
rewriting voltage and the amplification of a signal for a first memory cell electrically connected between the first 
reading data can be achieved if the ratio between the bit line and the source line and including a first tran 

sistor and a first capacitor ; interconnect capacitance of the source line SL and the a second memory cell electrically connected between the capacitance Cs of the memory cell ( Cx / Cs ) increases . second bit line and the source line and including a Furthermore , the DRAM of the present embodiment can second transistor and a second capacitor ; control of the interconnect length / interconnect capacitance a third transistor electrically connected to the source line ; of the source line to increase the capacitance between the and 
memory cell and the sense amplifier and adjust the division a sense amplifier circuit including : 
ratio of the capacitance . a first node electrically connected to the first bit line and 

Therefore , the DRAM of the present embodiment makes a second node electrically connected to the second 
it possible to increase the signal amount for sensing and bit line ; 
rewriting data without designing the interconnect , elements a first sense unit including a first input terminal elec 
and circuits in a complex layout . trically connected to the first node via a first transfer 
As a result , the DRAM of the present embodiment can 45 gate and a second input terminal electrically con 

improve in its memory characteristics such as memory nected to the second node via a second transfer gate ; 
reliability . a second sense unit including a third input terminal 
As described above , the semiconductor memory of the electrically connected to the first node and a fourth 

present embodiment can improve its characteristics . input terminal electrically connected to the second 
( 4 ) Modification node ; 
A modification to the semiconductor memory ( e.g. a first capacitor including a first terminal electrically 

DRAM ) of the embodiment will be described with reference connected to the first input terminal of the first sense 
to FIG . 10 . unit and a second terminal electrically connected to 
A dummy cell DC may be connected to the source line SL . the fourth input terminal of the second sense unit ; 

The dummy cell DC includes at least one of a capacitor 55 and 
( hereinafter referred to as a dummy capacitor ) 10d and a a second capacitor including a third terminal electri 
transistor ( hereinafter referred to as a dummy transistor ) cally connected to the second input terminal of the 
20d . first sense unit and a fourth terminal electrically 

The structure of the dummy capacitor 10d is substantially connected to the third input terminal of the second 
the same as that of the capacitor 10. The structure of the 60 sense unit . 
dummy transistor 20d is substantially the same as that of the 2. The semiconductor memory according to claim 1 , 
cell transistor 20 . wherein : 

The dummy cell DC includes capacitive components due a read operation for the first memory cell includes reading 
to the dummy capacitor 10d and / or the dummy transistor . of data from the first memory cell and writing of data 
The interconnect capacitance Cx of the source line SL is 65 to the first memory cell after the reading of data ; and 
adjusted by the capacitive components of the dummy cell a write voltage for the writing of data is applied to the 
DC . source line . 
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3. The semiconductor memory according to claim 2 , a second word line provided between the second bit line 
wherein the source line is electrically connected to the and the source line and connected to a gate of the 
second bit line during the writing of data to the first memory second transistor ; 
cell . a sense amplifier circuit provided on the semiconductor 

4. The semiconductor memory according to claim 1 , substrate ; and 
further comprising : a third transistor provided between the semiconductor 

substrate and the source line , a fourth transistor including a fifth terminal electrically wherein the sense amplifier circuit includes : connected to the first bit line and a sixth terminal a first node electrically connected to the first bit line and electrically connected to the source line ; and a second node electrically connected to the second 
a fifth transistor including a seventh terminal electrically bit line , 

connected to the second bit line and an eighth terminal a first sense unit including a first input terminal elec 
electrically connected to the source line . trically connected to the first node via a first transfer 

5. The semiconductor memory according to claim 4 , gate and a second input terminal electrically con 
wherein : nected to the second node via a second transfer gate ; 

the fifth terminal is electrically connected to the first input a second sense unit including a third input terminal 
terminal of the first sense unit via the first bit line ; and electrically connected to the first node and a fourth 

the seventh terminal is electrically connected to the sec input terminal electrically connected to the second 
node ; ond input terminal of the first sense unit via the second a first capacitor including a first terminal electrically bit line . connected to the first input terminal of the first sense 6. The semiconductor memory according to claim 4 , unit and a second terminal electrically connected to wherein : the fourth input terminal of the second sense unit ; a read operation for the first memory cell includes reading and of data from the first memory cell and writing of data a second capacitor including a third terminal electri to the first memory cell after the reading of data ; cally connected to the second input terminal of the the fifth transistor is set in an on state when the reading of first sense unit and a fourth terminal electrically data and the writing of data ; and connected to the third input terminal of the second a write voltage for the writing of data is applied to the sense unit . source line via the fifth transistor having the on state . 

7. The semiconductor memory according to claim 1 , 30 further comprising a first plug provided between the third 11. The semiconductor memory according to claim 10 , 
wherein if a first capacitance of one of the first and second transistor and the semiconductor substrate . input terminals of the first sense unit , a second capacitance 12. The semiconductor memory according to claim 10 , of one of the third and fourth input terminals of the second further comprising : sense unit and a third capacitance of the source line are a fourth transistor provided between the first bit line and represented as “ CA , ” “ CB ” and “ Cx , ” respectively , there is the source line ; and a following relationship among the first capacitance , the a fifth transistor provided between the second bit line and second capacitance and the third capacitance : the source line . 

13. The semiconductor memory according to claim 10 , CB = ( CxxCA ) / ( 2x ( Cx + CA ) ) . further comprising : 
8. The semiconductor memory according to claim 1 , 40 an interconnect provided above the semiconductor sub 

further comprising : strate in the first direction ; and 
a sixth transistor including a ninth terminal electrically a sixth transistor provided between the interconnect and 

connected to the source line and a tenth terminal the source line . 
electrically connected to a first interconnect . 14. The semiconductor memory according to claim 10 , 

9. The semiconductor memory according to claim 1 , 45 wherein 
wherein the first memory cell stores data of two or more bits . the first and second bit lines and the source line extend to 

10. A semiconductor memory comprising : a second direction parallel to the first surface of the 
a first bit line provided above a semiconductor substrate semiconductor substrate , and 

in a first direction perpendicular to a first surface of the the first and second word lines extend to a third direction 
semiconductor substrate ; parallel to the first surface of the semiconductor sub 

a second bit line provided above the first bit line in the first strate and intersecting the first and second direction . 
direction ; 15. The semiconductor memory according to claim 10 , 

a source line provided between the first bit line and the wherein if a first capacitance of one of the first and second 
second bit line ; input terminals of the first sense unit , a second capaci 

a first memory cell including a first transistor provided 55 tance of one of the third and fourth input terminals of 
between the first bit line and the source line and a first the second sense unit and a third capacitance of the 
capacitor provided between the first transistor and the source line are represented as “ CA , ” “ CB ” and “ Cx , " 
source line ; respectively , there is a following relationship among 

a second memory cell including a second transistor pro the first capacitance , the second capacitance and the 
vided between the second bit line and the source line 60 third capacitance : 
and a second capacitor provided between the second CB = ( CxxCA ) / ( 2x ( Cx + CA ) ) . 
transistor and the source line ; 

a first word line provided between the first bit line and the 16. The semiconductor me ory according to claim 10 , 
source line and connected to a gate of the first transis wherein the first memory cell stores data of two or more bits . 
tor ; 
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